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ABSTRACT 
 
Wireless techniques utilized in industrial applications face significant challenges in preventing noise, 
collision, and data fusion, particularly when wireless sensors are used to identify and classify fault in real 
time for protection. This study will focus on the design of integrated wireless fault diagnosis system, which 
is protecting the induction motor (IM) from the vibration via decrease the speed. The filtering, signal 
processing, and Artificial Intelligent (AI) techniques are applied to improve the reliability and flexibility to 
prevent vibration increases on the IM. Wireless sensors of speed and vibration and card decision are 
designed based on the wireless application via the C++ related to the microcontroller, also, MATLAB 
coding was utilized to design the signal processing and the AI steps. The system was successful to identify 
the misalignment fault and dropping the speed when vibrations rising for preventing the damage may be 
happen on the IM.  The vibration value reduced via the system producing response signal proportional with 
fault values based on modify the main speed signal to dropping the speed of IM. 
Keywords: Industrial Wireless Sensor, Artificial Intelligent Technique, Signals Processing, Fault 
Diagnosis System.  
 
1. INTRODUCTION  
 
An IM with high or low speed is an 
important device in industrial applications. Certain 
applications utilize the IM as a driver of mechanical 
systems. However, vibrations may spread 
throughout the system and subsequently degrade 
the system. Therefore, engineers aim to prevent 
these faults and monitor the corresponding 
conditions [1]. Vibration is the root cause of many 
problems. However, vibration is a neutral 
phenomenon that is related to routing and stable 
systems. Moreover, vibration is also proportional to 
the speed and force applied on the machine , thus 
can protect the machine via reducing the speed or 
the force generation from load[2]. Most protection 
studies have a similar goal, which is to protect the 
system from harm in high vibration conditions or 
prior to the introduction of vibration to the 
machine. A protection system will reduce 
maintenance costs and operation times. 
Displacement, velocity, and acceleration sensors 
are based on the measurements of the speed and 
vibration of the system [3].  
Recently, industrial wireless sensor 
networks (IWSNs) have been used in many 
applications to reduce the cost and augment the 
flexibility of data gathering[4]. Indeed, many types 
of wireless networks have been utilized in the 
industrial environment. Most of these wireless 
networks are based on the IEEE802.15.4 physical 
layer specification. ZigBee is one of the IWSNs 
that are related to wireless sensor networks because 
of its flexibility and reliability [5]. Researchers 
have produced wireless smart systems by 
hybridizing IWSN with artificial intelligence (AI) 
techniques. The neural network (NN) is a part of 
the AI utilized for producing, identifying, and 
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classifying the condition monitoring and control 
system whenever a fault occurs[6]. Moreover, the 
accuracy of a decision is based on the error 
produced from the comparative threshold limited 
by the design [7]. The accuracy of the decision 
system with fault diagnosis was increased by 
adding the fuzzy technique to the NN, resulting in 
an intelligent technique called “neural–fuzzy,” 
which is extensively utilized in AI applications 
[8][9]. Indeed, AI was used because of its ability 
and capability to identify and classify data gathered 
from the sensor with noise value. However, AI is 
also convenient for industrial application because 
most of the signals collected from the noise field 
continent are of different types[10]. 
 
Fuzzy fusion or fuzzy technique was 
utilized to analyze machine behaviors by 
comparing the saved situation with the collected 
data in real time. However, a system in danger can 
be protected from vibrations, depending on the 
technique [11][12]. Indeed, many researchers 
focused on transferring collected data via the 
wireless sensor to the central computer for 
classifying or analyzing data based on the wireless 
network technique[14][15]. some researchers used 
the IEEE standard for industrial and greenhouse 
applications[16][17], or the ISA100 standard [18]. 
[19] proposed a new method, which utilized a 
wireless sensor, to protect the wind turbine from 
vibration based on the classification of vibration 
into three zones; thus, their work predicts vibration 
in the danger zone. [20] designed a micro-electro- 
mechanical system accelerometer sensor that has 
the ability to sense low-frequency and low-
amplitude acceleration. The proposed technique 
converts the outcome of the sensor from voltage to 
frequency values instead of transferring data from 
analog to digital values. Data conversion to 
frequency was conducted prior to transmission to 
the wireless item. However, data conversion to 
frequency increases the sensitivity and accuracy of 
the data being collected. This work is limited by 
errors, wireless protocol, and operating range. 
[3] proposed a new system of measuring the 
“acceleration” of vibrations using android devices 
linked via Bluetooth. Data were analyzed in the 
database server and delivered to the portable box to 
control another system. [21] presented a control 
system based on the wireless network technique. 
The main objectives of their work are to derive the 
feedback signal to the chief control system with 
high reliability and to prolong the real response 
time based on the wireless technique. Vibration 
data were collected from the beam and sent to the 
control system for analysis, where the feedback 
signal was used to control the vibration of the 
beam. 
AI techniques are extensively utilized to classify 
and identify the signal situation in a time series or 
in a frequency domain based on the monitoring 
conditions and operation limitations of a machine 
[22] [23][24]. [25] proposed a new type of plate 
form for the classification of bearing faults of the 
IM based on two stages of the NN. The generalized 
Hebbian algorithm and a supervised learning vector 
quantization network were algorithms of the NN 
used in this work. Moreover, the design of the 
wireless sensor was intended to collect vibration 
data from the indentation motor. [26] embedded the 
data acquisition system to optimize the dynamic 
NN and improve the prediction process and the 
accuracy of fault diagnosis. They gathered data 
from smart wireless sensors related to vibration and 
temperature and compared the two types of NN 
based on a dynamic NN and a nonlinear 
autoregressive neural system. However, they did 
not determine the processing time and control 
response based on the collected and displaced 
results. 
[27] estimated lifetime data at low cost 
and power and guaranteed improvements to data 
being received from multiple sources, such as a 
CNC machine or a gearbox. The contributions from 
that work are as follows: loss of data being 
delivered from the source is prevented; more than 
one node for collection can be installed, unlike the 
type from data; data are collected from the machine 
in real time; and data can be saved in a memory 
card for use in other analyses. [28] designed a new 
technique that led to the decrease in energy 
consumption in the industrial wireless sensor based 
on the neural technique in the node. Fault diagnosis 
is based on three types of vibration faults related to 
the induction motor. The star topology was used, 
with one coordinator and three nodes. Meanwhile, 
the primary classifications of the data in the 
wireless node are represented based on the neural 
technique. The main change in this project is the 
decreased energy consumption of the node. [29] 
proposed a system based on the one-class 
classification to identify the level of the vibration 
data collected from a mechanical system within the 
nodes. Moreover, ZigBee, with a microcontroller, 
was utilized to design the industrial wireless 
network nodes of the system. By increasing the 
sampling rate system for collecting data, the real 
time related to system processing is prolonged and 
helps classify the data within the node. This method 
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cannot predict the damage or problem related to the 
bearing of the mechanical system. 
This study aims to design an integrated 
wireless fault diagnosis system that is utilized to 
protect the induction motor from the vibration 
phenomenon via reduce the speed or shutdown the 
system. Moreover, real time fault detection is based 
on the neural–sleep–fuzzy technique. The 
remainder of this paper is organized as follows: 
Section II presents the related works. Section III 
describes the architectural and methodological 
design. Section VI presents the results of the 
experiments. Section V concludes this work. 
 
2. METHODOLOGY 
      
The approach completed via two main 
programs, the first one is related to the MATLAB 
coding, which is implemented the filtering, signal 
processing, neural and the fuzzy. The other 
program that it is related to C++ of the MC, which 
is utilized to implemented the wireless vibration 
sensor, wireless speed sensor, and the decision card 
that used to feed the final signal to the speed 
controller.  Furthermore, the system integrated to 
diagnosis the vibration fault to produce signal 
proportional with vibration to protect the IM that 
fault. 
 
3. ARCHITECTURAL AND WORK DESIGN 
     
 
The system has been design to represented 
integrated fault diagnosis system, the pressing steps 
in showed in the finger 2.a, the detail of all the 
steps depicted as flow. 
3.1 Wireless sensor design and the prototype  
Data were collected using two wireless 
sensors and one coordinator connected to the 
central computer. These two sensors are the 
wireless vibration sensor WVS, which is utilized to 
collect vibration to the three axes from sample 
based on; the ATmega328 microcontroller, the 
acceleration sensor, the ZigBee based on the 
IEEE802.15.4 PHY and MAC layers, and lithium 
battery. Another wireless sensor that measures the 
speed of the IM has architecture similar to WVS. 
Seems, speed sensor has a magnetic field sensor 
instead of the acceleration part in WVS.  The 
wireless network is shown in Figure 1, WVS is 
router, the speed sensor is represented the end nod 
in network. Actually, inside the vibration sensor the 
packet is preparing to contain the RPM, x , y, and z, 
which is send to coordinator, after the router 
receives request from the computer, the packet is 
saving in computer to processing, as shown in 
Figure 2.a. 
 
Figure 1: Represented the data fusion in 
the wireless sensors network 
 
A. Architectural Of The System 
 
B. Architectural Of The Decision Card 
 
Figure 2: Architectural Of System And The 
Decision Card 
 
3.2 Processing signal and AI  
Raw vibration data contain noise from 
mechanical and electromagnetic devices, which is 
causing errors in the vibration amplitude. As such, 
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the data must be filtered to reduce the noise 
amplitude based on the low pass filter (LPF) and 
band pass filter (BPF). Then, the vibration signals 
obtained from filtering were inputted into the fast 
Fourier transform (FFT) algorithm, which transfers 
the vibration to a frequency domain. Finally, the 
data will be input into the neural and the fuzzy 
system to identify and classify the situation of 
vibration on a machine. Researchers predominantly 
designed NN based on one stage or multiple stages. 
Furthermore, if the NN’s contains more than one 
stage, the designer places one of them in continuous 
operations, whereas the other stage are placed in 
sleep mode, the multi-stages of NN utilized to 
augment the classification accuracy  [8][30]. In this 
study proposed a new technique called the neural–
sleep–fuzzy. This technique depended on the result 
of the error backpropagation algorithm will wake 
up the Sugeno fuzzy part, if the vibrations occurred 
in the severity or alarm zone. Actually, the fuzzy 
system was used to add the speed signal with 
vibration values to apply the condition monitoring 
for protecting the machine from rise vibrations. The 
essence and utility of the utilized NN are to classify 
the vibration level. Moreover, the fuzzy system will 
add the speed value effective for generating signal 
that it is protecting the IM from vibration fault; the 
flow chart of this work is shown in Figure 3. 
 
3.3 Design the decision layer 
The last stage of this work is modifying 
the outcome of the fuzzy for feeding to a main 
control system. This layer implemented based on 
design the electronic card which is consist of; 
coordinator connected   with computer, router 
established in the card, (MC), filter, amplifier, and 
comparator as depicted in the Figure 2.b. The 
actions of this part are decrease the machine speed 
or shutdown the control system, where the decision 
is adopting on the vibration situation, which is in 
alarm or danger zone. Indeed the novelty of this 
card is allowed to the chief signal of the speed 
control to pass through the circuit without any 
effective, so the machine continues with normal 
speed, but when the fault happen the chief signal of 
the speed control will modification based on the 
vibration level on the induction motor, the behavior 
of this card is illustrated in the Figure 11. 
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Figure  3: Flowchart Of System Operation With Wireless Network And Central Computer 
 
 
4. EXPERIMENTS SETUP 
 
Acceleration data were collected from the plate 
form, as shown in Figure 4, composed of; a three- 
 
 
phase motor with maximum speed 2800 rpm, and 
0.7hp. The ABB motor driver is utilized to control  
the speed.  Four disks representing the load, which 
are fixed on the shaft and coupled with the motor 
shift. The WVS was fixed on the casing of the 
system in 90
o 
 related to sample casing, before the 
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system starts to collect the data of the vibration, the 
three axis sensor have been calibrated to adjust the 
new value based on the new position. Meanwhile, 
the wireless speed sensor established in front of the 
shift of the motor, the slot between the sensor and 
the shift does not exceed 0.5 cm. Eventually; the 
decision card was connected with a speed 
controller. Seems, the computer used with work is 
core i3, 4 GB RAM, which is connected with a 
system via two routers 
 
Figure  4: Platform Of The Experiment Work When 
Collecting The Data For Learning 
 
 
 
 
5. RESULT AND DISCUSSION 
 
Actually, the acceleration data collected from the 
plate form will be transferred in a time domain with 
a large amount of noise, as shown in Figure 5, 
where acceleration is expressed in mm/s2. 
 
5.1 Time of wireless network processing 
Actually, the acceleration was obtained 
from the wireless sensors. However, the main 
challenge in the utilization of the wireless sensor is 
packet loss. Notably, packet loss in the industrial 
environment is preoperational with the distance of 
the nodes [20][27]. Seems, packet loss was 
neglected because the distances between the nodes 
were less than 5 m in this work, moreover, the 
prototype was developed which is failing when the 
packet losses, then, prototype gives this work high 
reliability in data collection. table 1 shows the time 
processing to this work which is related to 512*4 
samples, the max time needed to collect and 
processing the data is 5.76 s.   
 
Figure  5: Raw Vibration Acceleration Data Have 
Collected From Sample 
 
Table 1: Scheme Of The Processing Time 
 
Samples 
RPM, x,y,z 
Time to 
collected via 
MATLAB (s) 
Neural Online 
processing 
(s) 
Fuzzy 
processing 
(s) 
 
Computer bud 
rate 
Samples/time 
(Sampling rate) 
Sensor 
convenient 
512 5.76 0.083 0.051 19200 88.8 0 ~40 Hz 
 5.892 s  time processing with  fault situation 
 
5.2 Signal processing of the vibration data 
The results of the signal processing steps 
are shown in detail in Figure 6 and 7. These steps 
involve reduction the noise and harmonic 
frequencies of the collected raw data, based on the 
utilized low-pass and band-pass filter. Thus, the 
acceleration data of 512 samples expressed in 
mm/s
2
 were converted to velocity data expressed in 
mm/s in one step of signal processing, depending 
on the category and integration of every four 
samples. The results shown in Figure 6 and 7 
represent the vibration values after transfer in FFT 
form of resonant frequency to the (125/60) and 
(175/60) respectively, the FFT length is 128.  
Clearly, vibration amplitudes in the 175 
rpm situation are higher than that in the 125 rpm 
situation because the vibration level is 
preoperational with the frequency value, as shown 
in Equation 1. 
sina A tω= −      (1) 
( )speed rpm 60f =
 
  (2) 
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where a denotes the acceleration of vibration in the 
time domain, A denotes the acceleration amplitude, 
2 fω π= , and f denotes the frequency of the 
machine (Hz) [31]. 
 
 
 
Figure 6: Vibration Data Have Filtering   And 
Processing Of 125 Rpm, A-   Vibration In X-Axis, B- 
Vibration In Y-Axis, C- Vibration In Z-Axis 
 
 
Figure 7: Vibration Data Have  Filtering   And 
Processing Of 175 Rpm In X,Y And Z Direction A-   
Vibration In X-Axis, B- Vibration In Y-Axis, C- Vibration 
In Z-Axis 
 
5.3 AI stage throughput   
The neural technique is extensively 
utilized to identify and classify complex signals in 
the time and frequency domains [32][33]. In this 
study, the NN was utilized to distinguish between 
normal behavior and abnormal behavior based on 
the vibration value, which is collected from the 
plate form. The NN backpropagation algorithm was 
utilized to train the data collected from the sample 
to represent the fault signal related to the behavior 
of vibrations.  The six vibration signals shown in 
Figure 6 and 7 are the input and teaching data to the 
NN simultaneously. The continuous lines represent 
the teaching signals. Furthermore, the output of 
training NN in the off-line situation has been 
plotted as discrete lines with stars in Figure 8 and 9, 
where the system is at 125 and 175 RPM, 
respectively. Predominantly, the main aim of NNs 
was to obtain learning data with lower errors to 
compare the output and teaching signals.  
 
 
a. Vibration In X-Axis 
 
 
b. Vibration In Y-Axis 
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c. Vibration In Z-Axis 
 
Figure 8: Vibration Data Have Leering In Offline NN Of 
125 Rpm. 
 
A.   Vibration In X-Axis 
 
B. Vibration In Y-Axis 
 C. Vibration In Z-Axis 
Figure 9: Vibration Data Have Leering In Offline NN Of 
175 Rpm 
 
 
 
A-   Error Related To Velocity In X Y Z Of 175 Rpm 
 
B- Error Related To Velocity In X Y Z Of 125 Rpm  
Figure 10: Error Result From Leering Vibration Data In 
NN 
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Indeed in this research, sugeno a fuzzy 
technique was implemented with NN to increase 
accuracy and classify the decision depending on 
different situations. The fuzzy technique 
implemented, with two input MFs and one output 
MF, was designed based on conditions of ISO 
10816-3 and the motor speed. The design of the AI 
is based on the NN wake up the fuzzy if the 
vibration been abnormal values to classify the fault 
level. However, the fuzzy outcome-generating 
signal can feed to the control system for reducing 
the speed of the IM, when the vibrations were 
augmented during continuous operations, as 
illustrated in Figure 11, which is shows fuzzy 
throughput at different situations. Figure 11 
displaying the fuzzy output increased with 
vibration. Eventually, the output will be generated 
as a voltage to control the speed of the motor to 
decrease the speed until the vibrations are in a safe 
zone or to shut down the system to prevent damage. 
 
 
 
 
Figure  11: Illustrated   Result Of The Fuzzy Technique In Online Training With Same Vibration Values But In 
Different Speeds As; 125,175,190 Rpm 
 
 
5.4 Protection signal  
 
The result of the last stage represented 
generating the action as a voltage for affected the 
chief signal of the speed controller based on the 
vibration fault values. Figure 12 displays the 
picture of the card has been constructed and the 
testing results to the same card.    The oscilloscope 
picture is insight to; the main signal of the speed 
controller which dropping during the vibration fault 
rise, where it fusion via the fuzzy outcome, thus, 
the main signal return to normal case if the 
vibration dropping to zero. Actually, the last stage 
demonstrates of the successful for generate signal 
proportional with physical action to processing the 
system based reduce the speed for protecting the 
motor from the vibration rising. 
Actually, the results can be discussing  as; 
the data rate of the WVS illustrated the sensor 
proper for utilization with the rotor machine 
working less than 40 Hz. Figure 6&7 displayed the 
band pass filter has been given the vibration in the 
resonant frequency of the motor, those value are 
inductor to the vibration fault. The vibration fault 
augmented while the speed increased, as shown in 
the Figure 6&7, which is based on the relation 
between the acceleration and frequency of the 
machine as depicted in the Equation 1&2. The 
errors producing from the learning the vibration 
signal via NN were acceptable as shown in Figure 
.10, based on the comparison between the input 
signal and teaching data. Eventually, the fuzzy 
output fusion is generating controller voltage which 
is reflecting   the vibration value as displayed in  
Figure 11, where the fuzzy throughput increase 
while the vibration value augmented. Furthermore, 
the data design to affect the main control signal if 
the vibration rising via the decision card that 
demonstrated in Figure 12. 
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Figure 12: Illustrated Test Result And Picture Of The 
Decision Card  
 
6.  CONCLUSION 
In this work, data modifying in the WVS to 
prepare the packet that it is transfer to the computer 
for signal processing and fault detection based on 
the FFT and AI respectively. Fuzzy output fusion to 
be proper for generating the signal can feed to 
speed control system via utilized the decision card. 
Result and analysis of this work showed that a new 
prototype was developed preventing the packet 
loss; because the system checked the packet 
parameter if lost one of them will declare which 
part is losing. Especially, if the machine getting 
problem related to misalignment the vibration value 
augmented with the speed, therefore, can 
decreasing the vibration via reducing the machine 
speed. Indeed, this work implemented based on that 
behavior of the vibration was mentioned 
previously. this research is useful because 
implemented  integrated  wireless fault diagnosis  
system can be utilized  with anther  rotor  machine 
for protecting or prevention the  damage may  
happen if the vibration rises, seems, system need 
modify conditions  in WVS, decision card, and 
fuzzy data fusion  based on the condition 
monitoring of the new machine.  Future work, data 
can be classified and identified based on the 
vibration in the y-axis as an indicator of its 
amplitude. 
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